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ABSTRACT

This bibliography is a part of the contracted effort "Effects of High-Lift Devices On
V/STOL Aircraft Performance," Contract DAAJ02-69-C-0079. All types of high-
lift devices are covered. Both experimental and theoretical topics were reviewed,
and the selected reports are listed by a subject and an author index.
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FOREWORD

This bibliography presents material obtained from the literature searches conducted
as part of the analytical study by the Convair Division of General Dynamics to gen-
erate methodology for evaluating the effects of high-lift devices on V/STOL aircraft
performance. Selected references from both machine and conventional literature
searches are included.

The bibliography covers all types of high-lift devices, including conventional,
boundary layer control, and jet flaps, or combinations of these for either deflected
slipstream, tilt wing, or tilt propeller configurations. References are not included
for lifting fan or lifting jet configurations.

The major sources of information were:
1. Defense Documentation Center Report Bibliography, ""High Lift Devices

for V/STOL Aircraft, " June 1969.

2. National Aeronautics and Space Administration, Linear Tape Searches,
for the Convair Division of General Dynamics, June and August 1969.

3. Defense Documentation Center, "Technical Abstract Bulletins. "

4. National Aeronautics and Space Administration, ''Scientific and Technical
Aerospace Reports."

5. . Bibliography of NASA Papers on V/STOL Research.
6. AGARD V/STOL Aircraft Bibliography, Second Supplement, 1966.
Abstracts have been included when they could be found. Security classification of

the classified documents has been noted where required. Classified abstracts and
titles have been purposely deleted to allow this document to be unclassified.

The bibliography contains both a subject and an author index. Since many of the
references would fit into multiple subject classifications, each was reviewed and
placed only in its major category. The order of subject index listing is primarily

by calendar month and year, and the author index is alphabciical. .

The effort reported herein was authorized under DA Task 1F162204A14231.
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II. SUBJECT INDEX
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DEFLECTED SLIPSTREAM, TILT WING, AND TILT PROPELLER
CONFIGURATIONS.
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Ricard, Czincyenhelm, Jaillard, and de Richemont, THE BRFGULT FAMILY OF
STOL AIRCRAFT, Pregrint 428A, Society of Automotive Fngineers, 1961.

Anon., V/STOL MEDIUM RANGE TRANSPORT AIRCRAFT DESIGN STUDY,
Report RAX-62-116, Volumes 1-10, Canadair Limited, Subsidiary of General
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Anon., SYMPOSIUM ON TRI-SERVICF INDUSTRY V. STGL., Kirtiand AFB,
Blumfield, New Mexico, 1963, AD 337 666.

Thayer, W.P., THE XC-142A V/STOL ASSAULT TRANSPORT PROGRAM, Society
of Experimental Test Pilots, 1963, pp 75-86.

This report describes the XC-142A V/STOL transport program which was conducted
for the purpose of evaiuating the military advantages to be derived from the devel-
opment of VTOL capability. The general arrangement of the aircraft is shown. It
is a 4-engine, high-~wing, assault-transport aircraft with 7.5 ft by 7 ft by 30 ft cargo
space and a design vertical takeoff weight of 37,500 lbs. The lifting principle used
is tilt-wing, deflected slipstream. The wing can be tilted from 0 to 100 degrees
relative to the fuselage; wing leading-edge slat and trailing-edge double~slotted flaps
were programmed with wing incidence to prevent flow separation during transition
and were fully retracted during hover and conventional flight. Figures show systems,
controls, and test programs conducted on the aircraft, as weil as problem areas
which have been faced in its development and the major milestones for the program.
The XC-142A was scheduled to make its first flight in July 1964. Hovering flights
were scheduled for the Fall of 1964.

Anon., XC-142A VTOL TRANSPORT PROGRAM, Semiannual Report No. 3, Chance
Vought Division of Ling-Temco-Vought incorporated, Dallas, Texas, January-Junc
1963, AD 428 617.

Progress on the XC-142A program is reported. Numerous test programs were
initiated and some completed, including the basic wind-tunnel tests of the 0.110-
scale model and the control system bearing wear tests. The tnoling effort reached
its peak at the end of June 1963, with approximately 728 of the overali tooiing tasks
having been completed.

Anon., THE WFG-P POWERED-WING AIRCRAFT (TRIEBFLUGEL-FI.UGZEUG
WEFG-P 16) Aerokurier, Vol. 7, July 1963, p 253.

A brief description of a proposed military VTOL two~seat aircraft is given. V TOIL,
capability is provided by two tiltable 4-in-diam. propellers mounted at the tips of the
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aircraft's stub wings. The wings remain in horizontal position during start and
hover. The vertical-thrust component of the aircraft is sufficiently large to
eliminate the need for wings. The latter serve only as mounts for the propellers.

Borst, H. V., DESIGN AND DEVELOPMENT CONSIDERATIONS OF THE X-19
VTOL AIRCRAFT, New York Academy of Sciences, Annals, Vol. 107, Art. 1,
March 25, 1963, pp 265-279.

The design and development of the Curtiss-Wright X-19, a V/STOL aircraft, are
discussed. The X-19 and the more conventional types of single~wing aircraft which
use the tilt propellers are compared. Detailed treatment is given to hover longi-
tudinal and lateral control, yaw control during hover, takeoff and hover performance,
conversion, and conventional flight. It is shown that the tandem -wing, tilt-propeller
X-19, when considered in its entirety, has good performance and handling character-
istics as required for a V/STOL aircraft.

Anon., DEVELOPMENT OF THE U.S, ARMY VZ-2 (BOEING VERTOL~76)
RESEARCH AIRCRAFT, Technical Report R219, Vertol Division of the Boeing
Company, Morton, Pennsylvania, August 1963, AD 417 836.

The six-year development program of the U.S. Army VZ-2 research aircraft is
presented. The technical feasibility of the tilt-wing concept was proven, and a
sound basis was established for the development, design, and construction of a
tilt~wing aircraft for specific missions. Although new problems were exposed,
methods of solving them were indicated. The concentration of hovering controls !
exclusively within the propeller-wing assembly, by using full-span ailerons for yaw
control, differential collective pitch for roll control, and monocyclic pitch for pitch
control, wili eliminate the need for yaw and pitch fans in future models. A more
complete comparison and correlation of test results (NASA Flight Test, Contractor
Flight Test, NASA Wind Tunnel and Princeton University Long Track Data) will
provide comprehensive technical data for future designs.

Anon., THE BREGUET 941 STOL TRANSPORT, Interavia, Vol. 18, November
1963, pp 1756-1760.

Description of the performance characteristics and corresponding piloting require-
ments of the Breguet 941 are presented. Safety requirements of STOL transport
aircraft and the controls of the Breguet 941 are considered, and piloting maneuvers
regarding the takeoff and landing of the aircraft are discussed.
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Anon., THE CURTISS-WRIGHT X-19 TILT PROP VTOL, Verti Flite, Vol. 9,
December 1963, pp 2-10.

This article describes the design and fabrication criteria of the Curtiss-Wright X-19
tilt-p1 ,p VTOL twin-engine aircraft. The tandem wing X-19 has four tilting pro-
pellers mounted in nacelles at the wing tips, is of all-metal semimonocoque con-
struction, and has a fully retractable landing gear. Listed are the performance data
and characteristics released. The noise level prediction is for 60 db at 3,000 ft in
front of the aircraft, which,. at 350 knots, is less than a 7-second warning. The
X-19 has an augmentation ratio of about 9:1 and a V., of 400 kts at 20,000 ft. The
control system, which is entirely mechanical, is very simple. Typical applications
envisioned for the aircraft are air/sea rescue, utility transport, aerial fire support/
escort, and medium transport/commercial transport. The two X-19s to be delivered
will be used by the services to explore the problem areas common to all VTOLs and,
specifically, to determine the compatibility of the tilt-prop concept with existing or
proposed military requirements. ’

Fay, C.B., RECENT DEVELOPMENTS IN SIMPLIFYING AND IMPROVING THE
TILT WING DESIGN, American Helicopter Society, Inc., Annual National Forum,
20th, Washington, D.C., Proceedings, New York, 1964, pp 161-183.

The approach, techniques, and results of analyses and test programs used by the
Vertol Division of the Boeing Company to develop and improve the basic tilt-wing
desig. are discussed. Efforts tc extend the performance, maneuverability, and
control characteristics are discussed in addition to the application of technological
developments to specific requirements. Results indicate that tilt-wing technology
has reached that stage of design and development where, with a simple and efficient
design, it is now possible to meet specific military requirements.

Anon., THE CANADAIR CL~84 V/STOL AIRCRAFT, Interavia, Vol. 19, February
1964, pp 233-235.

The Canadair CL-84 V/STOL aircraft is comprised of a small-span rectangular
wing rotatable through 90 degrees, two 1400-horsepower interconnected engines
whose slipstreams blanket the wing, and a rotatable tail plane in conjunction with a
tail rotor. Problems of stability and control arise mainly because of slipstream
effects, and it is considered of primary importance to achieve a solution by aero-
dynamic means. An important factor is wing-tip location in relation to the propel-
ler axes, and some wing-tip extension outboard is necessary to avoid premature
flow separation. The tail rotor mounted in the pitch axis provides a fore-and-aft
balancing moment in vertical flight and also contributes to lift. It is noted that
control complexity is inevitable in V/STOL aircraft. However, in this case the rear
rotor is the only additional element.
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Anon., SUMMARY REPORT, CONVAIR MODEL 48 LIGHT ARMED
RECONNAISSANCE AIRPLANE, Report GDC 64-029-1, Convair Division of General
Dynamics Corporation, San Diego, California, March 1964,

Anon., PERFORMANCE DATA, CONVAIR MODEL 48 LIGHT ARMED
RFECONNAISSANCE AIRPLANE, Report GDC 64-029-7, Convair Division of General
Dynamics Corporation, San Diego, California, March 1964.

Anon., STABILITY AND CONTROL DATA, CONVAIR MODEL 48 LIGHT ARMED
RECONNAISSANCE AIRPLANE, Report GDC 64-029-8, Convair Division of General
Dynamics Corporation, San Diego, California, March 1964,

Czinczenheim, J., and Edwards, J., THE AERODYNAMIC DESIGN AND FLIGHT
DEVELOPMENT OF THE BREGUET 941 ST6L AIRCRAFT (ETUDE AERO-
DYNAMIQUE ET MISE AU POINT ENVOL DEL'AVION STOL BREGUET 941),

Royal Aircraft Establishment, Farnborough, England, April 1964, AD 443 848.

The Breguet 941 short takeoff and landing aircraft is described. High lift coeffi~-
cients are obtained by lowering the flaps and ailerons to deflect the slipstream irom
four interconnected propellers. The takeoff and landing techniques are discussed,
and performance measurements are presented. Consideration is also given to the
cruise performance. The flying qualities at low speed, with measurements of the
static and dynamic stability and control, are compared with the AGARD require-
ments for V/STOL aircraft.

Bemett, W.S., XC-142A PERFORMANCE DATA REPORT 2-53310/4R942, Vought
Aerongutics Division, Ling-Temco-Vought, Inc., Dallas, Texas, May 1964.

Gaeﬁe, H.M., SOME "TPORTANT DESIGN CONSIDERATIONS ON XC-142A TRI-
SERVICE V/STOL, Paper 64-281, American Institute of Aeronawics and Astro~
nautics, Annual Meeting, 1st, Washington, D.C., July 2, 1964.

Design and performance characteristics of the XC~142A all-weather cargo assault
transport with VTOL capabiiity are presented. Important dimensions and per-
formance parameters are noted; and design solutions are considered for such prob-
lems as the noise over the exterior of the airplane, the range of propeller operating
rpm, and propeller function at engine failure. The degradation of longitudinal
static stability due to aeroelastic effects is shown. Because of the large tail, and
large propellers located well out on the wing, the wing torsional deflections and tail
support stiffness are significant contributors to loss of stability with speed. Graphs
present the STOL capabilities of this aircraft and show the load-carrying flexibility
that results from a basic VTOL requirement when answered by the tilt-wing
propeller concept
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Phillips, F.C., THE CANADAIR 'I‘I‘LT-WING/DEFLECTED—SLIPSTREAM
V/STOL PROTOTYPE PROGRAM, AGARD V/STOL AIRCRAFT, Canadair Limited,
Subsidiary of General Dynamics, Montreal, Canada, 1964, pp 277-307.

This paper rummarizes the carly vork which led to the choice of the tilt-wing/
deflected-slipstream configuration for future design studies of V/STOL transport,
Aircraft of this type are described. The significant research and development
achievements are outlined: development of aerodynamic methods; construction and
use of a mobile rig for open-air testing of V/STOI models: construction and use of
a rig for static-tnrust testing of developmental propelicrs; and flight simulation,
using both a fixed~tbase simulator and a variable-stability hclicopter. The original
concept of the C[~84 was considered as & small research venicle. [is evolution
into a lar ger machine, intended as an cperational prototype, is outlined. The
relationship of the CEL=84-to other V/bTOL aireraft, with respect to performance
and military roles is explajped. The CL—N\ prototype aircrafi is described in
detail. The makeup of the ovem{{program is sketched, and various program ele-
ments are commented upon. /

Borst, H.V , THE TRI-SERVICE X-19 V/STOL DESIGN CONSIDERATIONS AND
FLIGHT TES" RESULTS - AGARD V/STOL AIRCRAFT, Pt, 1, Curtlss—anht '
Corporation, Caidwell, New Jersev, September 1964, pp 309-333

The X-19 is a V/STOL aircraft capable of high subsonic cruise speeds and high
Iorad—carrying capacity and range. The aircraft has fixed tandem wings with four
tiltablc propeliers mounted at the wing tips. The propeller shaft angle is approxi-
mately 90 degreee at hover and 0 degrees zt cruise. The propellers provide the
necessary lift and control forces at the hover and slow~:<peed conditions as well as
the thrust and a small component of lift at the high~speed rruise condition. The un-
usual configuration of the X-19 resulted from special considerations of the problem
of hovering in low-speed flight and the importance of high hover efficiency with good
performance at the cruise condition. The X-19 design concepts are discussed, and
some of the special wind-tunnel data are presentedd. The special problems encoun-
tered with the unusual configuration of the X-19, which are complica’ ' by the large
speed range of the aircraft, are also discussed, and pertinent data are presented.
The overall characteristics of the aircraft and th= compliance with specifications

in hover flight and cruise flight are presented. The existing ciaracteristics of the
aircraft are compared with the predicted performance and stability results, and

anv discrepancies are explained,

Anon., V/STOL AIRCRAFT, AGARDograph 89, North Atlantic Treaty (rcanization
Advisory Group for Aeronautical Research and Development, Paris, France,
September 1964.
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Josephs, L.C., III., SURVEY OF SIGNIFICANT TECHNICAL PROBLEMS UNRQUE
TO V/STOL ENCOUNTERED IN THE DEVELOPMENT OF THE XC-142A, Paper
64-775, American Institute of Aeronautics and Astronautics, Military Aircraft
Systems and Technology Meeting, Washington, D, C., September 1964.

This paper discusses the development of a tilt-wing, deflected slipstream aircraft
by Ling-Temco-Vought in a competition initiated by a Tri-Service V/STOL program.
The XC-142A was developed to meet a mission involving the transport of 4 tons of
payload for a radius of action of 200 nautical miles. The mission is indicated to be
the same as the basic U.S. Army assault transport mission performed by a com-
bination of the Caribou STOL transport and the Chinook helicopter. The XC-142A

is described, and the aerodynamic problems that were encountered during its devel-
opment are outlined, including transition, base drag, and ground effects. Various
structural dynamics, dynamic response, and aircraft acoustics are discussed.
Additional topics covered are flying qualities problems, propulsion system problen.s,
and testing. Charts, graphs, and photographs illustrate the design mission, the
aircraft config iration, and the performance of the XC-142A.

Josephs, L.C., IlIl., SURVEY OF SIGNIFICANT TECHNICAL PROBLEMS UNRQUE
TO V/STOL ENCOUNTERED IN THE DEVELOPMENT OF THE XC-142A, LTV
Vought Aeronautics Division in AGARD V/STOL Aircraft, Ling-Temco-Vought, Inc.,
Dallas, Texas, September 1964.

The XC-142A is a tilt-wing, deflected slipstream configuration, powered by four
GE T-64 engines driving 15-1/2-foot-diameter propellers. 7Tne technical problems
discussed are grouped in the following areas: aerodynamic 3 - transition, rate of
descent, base drag, and ground effect problems; aeroelasticity ~ complexity of
flutter problems and flutter model testing; flying qualities ~ the difficulty of estab-
lishing adequate design criteria for the hovering-transition region, all-weather
flight requirements, longitudinal control problems affected by aeroelastic problems,
and lateral/dircctional problems due to the severe cross—coupling inherent in the
configuration; and propulsion - propeller vibration effects, particularly 2P and 4P,
as well as transmission system dynamics which required the solution of equations
involving as many as 50 degrees of freedom. The results of ground tests and flight
tests are discussed.

Fling, G. K., THE XC-142A WING AND FLAP CONTROL SYSTEM, American
Helicopter Society, Inc., New York, 1965.

A brief discussion of the ;. .ght controls of the tilt wing XC~142A aircraft is
presented. The mechanization and operation of the wing and flap control system
are described, and other control functions which are dependent on wing or flap

positions are cited.
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Phillips, F.C., THE CANADAIR CL-84 V/STOL TILT-WING PROTOTYPE,
American Helicopter Society, Inc., New York, 1965, pp II 1-44.

The Canadair C1~84, a 6-ton, two-engined V/S1CL aircraft of the tilt-wing,
deflected-slipstream iype, is described, and an outline of some of the reasoning
that determined the airframe and equipment is given. The control system and the
lift-propulsion system of the aircraft are described. Model testing and flight simu-
lation activities are covered, especially as they relate to flying qualities, Com-
ponent development and aircraft ground testin~ are discussed, with emphasis on
problems encountered. Flight testing — past and future — is outlined and commented

upon.

Shepard, T.W., Jr., THE XC-142A FLIGHT TEST PROGRAM, American Heli-
copter Society, Inc., New York, 1965, pp III 78-96.

The objectives of the XC-142A Flight Test Program are outlined. The philosophy
used in planning the program is discussed, and the original plan is reviewed.
Events leading up to first flight, first hover, and first transition are discussed. A
comparison is then drawn between the plan and actual accomplishments. Accom-
plishments following initial conversion are then ouflined. Program statistics are
discussed, and the aircraft instrumentation system and data reduction methods are
outlined. Some results obtained are presented and compared with predictions.
Performance, structural demonstration, and system performnance are discussed,
but major emphasis is placed on flying qualities in the hover and transition flight
regimes. Pilots' comments are included.

Longhurst, W.S., INITIAL DEVELOPMENT AND TESTING OF A TILT-WING
V/STOL - Technical Review — Society of Experimental Test Pilots, Vol. 7, No. 4,
1965.

A study of the flight characteristics and test program of the CL-64 light V/STOL
Army support vehicle is described. The testing consisted of model tests in a wind
tunnel, a fixed-base hover rig test, and mobile rig tests. The aircraft was also
subjected to ground testing on a tie-down rig which was capable of rotating into the
wind. The first hover flights were performed from a large concrete pad, marked
off in squares with two circles superimposed. After some piloting experience had
been gained and the confidence level improved, pilot Cooper rating in the hovering
mode was generally 2-1/2 to 3. Complete Stability Augmentation Systems were
assessed and are rated at an average of 4-1/2 to 5. The general performance is
shown.
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Lusczek, J.J., Jr., and Martin, J.H,, DESIGN CONCEPT OF A JET CLOSE
SUPPORT AIRCRAFT (SUPER COIN), SAE Paper 650235, Society of Automotive
Engineers, Inc., New York, April 1965,

Swan, G.H., TILT-WING DEFLECTED SLIPSTREAM AIRCRAFT, Astronautics
and Aeronautics, Vol, 3, September 1965, pp 46-50.

The performance obtained by combining helicopter and fixed-wing aircraft technol-
ogies in tilt-wing deflected slipstream aircraft is discussed, including a review of
the technical status of the configuration. The Ling-Temco-Vought XC-142A (@our
propellers) and the Canadair CL-84 gwo propellers) are of this type. The basic
propulsion and aerodynamic principles are: vertical flight from propeller static
thrust, and a transition to conventional aerodynamic flights by use of a wing fully
immersed in the propeller slipstream, fitted with programmed trailing-edge flaps
to provice adequate stall margin. As the wing and propellers tilt down from the
vertical during transition, the wing contributes substantially to the lift at extremely
low spe~ds without stalling. This significantly reduces the power required with
increase in airspeed from hover. Flying qualities are discussed in some detail.

It is considered that improved propulsion~airframe system integration will make
greater flexibility and reliability possible.

Johnston, G.W., SOME RECENT AERODYNAMIC ADVANCES IN STOL ATIRCRAFT,
Journal of Aircraft, Vol. 2, No. 5, September-October 1965, pp 390-397.

Irbetis, K., et al., STUDY OF CYLIC PITCH PROPELLER APPLICATION TC THE
CL-84 TILT WING V/STOL PROTOTYPE, ERR-C1L-RAX-84-18, Canac\ir Limited,
Subsidiary of General Dynamics, Montreal, Canada, October 1965.

Anon., NATIONAL V/STOL AIRCRAFT SYMPOSIUM (1st), Wright-Patterson AFB,
American Helicopter Society, New York, November 1365, AD 634 548.

The X-22A airplane and its systems are described, including the special testing
undertaken to prove these systems. Test progress and certain problem ar:as
related to VTOL design are discussed. Test pilot participation in the pre-flight
phases of the program and pilot preparation for first flights are described. Pro-
gress in ground test buildup to first flight is reported. Approach to first fligh' and
development of V/STOL profiles are covered, and the demonstration program in-
cluding military participation is outlined.
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Nakaguchi, H., STOL PERFORMANCE EMPHASIZED IN AIRCRAFT DESIGN W1TH
SPECIAL REFERENCE TO JAPANESE CONTRIBUTION, Paper 65-771, Aircraft
Design and Technology Meeting, 1.os Angeles, California, American Institute of
Aeronautics and Astronautics, Royal Aeronautical Society, and Japan Society for
Aeronautical and Space Sciences, November 1965.

Possibilities of improving STOL aircraft performance, with special reference to
Japanese experiments on 2 modified SAAB Safi; single-engine monoplane, an experi-
mental flying boat, and lightweight turbojet engines are presented. Increasing de-
mands of STOL performance are discussed, with comments on certain difficulties
which have been encountered. Airfoil sections and high lift devices, stability and
control at low speed, and thrust tilting are considered. Modifications made to the
SAAB Safir are outlined, and some results are described. Stall characteristics
were found to be excetlent. In the experimental flying boat, a unique feature is a
new spray suppressor. High lift is achieved by a deflected slipstream combined
with blown flaps and control surfaces. An experimental turbojet engine is briefly
described.

Ransone, R.K., and Jones, G.E,, XC-142A V/STOL TRANSPORT TRI-SERVICE
LIMITED CATEGORY I EVALUATION, AFFTC, Report TR 65-27, Air Force Flight
Test Center, Edwards AFB, California, 1966,

Anon., DATA REPORT FOR THE OV-10A AIRPLANE, Report NA661-47,
Columbus Division, North American Aviation, Columbus, Ohio, 4 February 1966.

Kurdyla, N., et al., TILT-WING V/ STOL UTILITY TACTICAL TRANSPORT
AIRCRAFT CONCEPT, ERR-CL~RAZ~00-196, Canadair Limited, Subsidiary of
General Dynamics Corporation, Montreal, (Canada, November 1966.

Nishizaki, R.S., ADVANCED TILT-WING V/STOL UTILITY TACTICAL
TRANSPORT AIRCRAFT CONCEPT, ERP.-CL~-RAZ-00~200, Canadair Limited,
Subsidiary of General Dynamics Corporation, Montreal, Canada, December 1966.

Anon., CONFERENCE ON V/STOL AND STOL AIRCRAFT, NASA SP-116, Ames
Research Center, National Aeronautics and Space Administration, Moffett Field,
California, 1966.

Davis, E.M., Garrard, W.C., Morrison, W.D., and Scherrer, R., NASA -
LOCKHEED SHORT-HAUL TRANSPORT STUDY, Ames Research Center Conference
on V/STOL and STOL Aircraft, National Aeronautics and Space Administration,
Moffett Field, California, 1966,
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Rolfe, V., et al., STUDIES IN SUPPORT OF THE CL-84 PROGRAM, ERR-CL~
RAZ-00-207, Canadair Limited, Subsidiary of the General Dynamics Corporation,
Montreal, Canada, 1967, p 86,

Anon,, CL-84R AIR RESCUE VEHICLE, Report RAD 84-103, Vols. 1 and 2,
Canadair Limited, Subsidiary of the General Dynamics Corporation, Montreal,
Canada, March 1967,

Egerton, H.S., and Fitzpatrick, J.E., THE MODEL K~16B V/STOL RESEARCH
AMPHIBIOUS AIRCRAFT, Kaman Aircraft Corporation, Bloomfield, Connecticut,
March 1967.

Analytical and experimental research was conducted to investigate the use of a
variable-camber, cyclic—controlled propeller, in combination with a partially tilting
wing with full-span flaps, to permit V/STOL aircraft operation. These features
were incorporated in & full-scale experimental aircraft designated the K-16B. This
aircraft was used to explore the feasibility of a unified propulsion-control system
designed to reconcile the conflict between the requirements of static thrust in hover
and high-speed propeller efficiency, and to provide helicopter-type control in hover
without the need for auxiliary control devices. This i8 accomplished by trailing-
edge flapson the blades of the propeller. Collective deflection of these flaps in-
creases blade camber for high static thrust. The flaps are retracted in forward
flight for a mean cruising-blade profile. Cyclic deflection of the flaps furnishes
control moments in hover. The system was investigated on ground bench stands
and in full-scale powered model tests of the K-16B.

Fluk, H., THE X-19 V/STOL TECHNOLOGY; A CRITICAL REVIEW, Curtiss-
Wright Corporation, Wood-Ridge, New Jersey, May 1967, AD 826 319L.

The report contains a condensed description of the X-19 V/STOL technology. In
Section I, the developments leading up to the X-19 program are reviewed. Sections
II through VI are devoted to the propellers and the considerations involved in design.
The radial force principle is postulated in Section II. Interference effects on the
wings due to the propellers are discussed in Section ITI. 7The propeller aerodynamic
design in hover and cruise is presented in Section IV. Section V is devoted to the
structure and control mechanisms of the propeller. Section VI relates to the use of
prcpellers as an airplane control device. The tandem wing principle is discussed
in Section VII, covering stability, control, and drag. Section VIII is devoted solely
to ground effects. The wind-tunnel research activity leading up to the X-19 is pre-
sented in Section IX., The structural loads in hover, transition, and cruise are
discussed in Section X. Section XI presents information pertinent to landing pro-
cedures in hover or cruise in the event of power failure. A summary of the flight
test program is given in Section XII.
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Honaker, J.S., Chubboy, R.A., West, T.C., Davies, W., and Reschak, R.J.,
TRI-SERVICE EVALUATION OF THE CANADAIR CI.-84 TILT-WING V/STOL
AIRCRAFT, USAAVLABS Technical Report 67-84, U,S, Army Materiel Labora-~
tories, Fort Eustis, Virginia, November 1967, AD 822 768L.,

The Canadair CL-84 V/STOL aircraft was evaluated at Montreal, Canada, during
the period 28 April to 29 August 1967, Thirty-three flights were flown, encompass~
ing the hover, powered lifts, and aerodynamic flight regimes and speeds from 20
knots rearward to 230 kcas at 5,000 feet. The primary objectives of the evaluation
were to determine the characteristics, capabilities, and limitations of the CL-84
aircraft and to assess the feasibility of using a CL-84-type aircraft for military
missions, with emphasis op the search and rescue mission,

Anon. , INTERNATIONAL CONGRESS OF SUBSONIC AERONAUTICS, New York
Academy of Sciences, New York, April 1967,

Hendrickson, C.L., and Jones, G.E., XC-142A V/STOL TRANSPORT CATEGORY
I1 PERFORMANCE EVALUATION, AFFTC-TR-68-21, Air Force Flight Test
Center, Edwards AFB, California, October 1968, AD 842 810.

Approximately 27 productive flight test hours were flown on three aircraft, en-
compassing hover, vertical and short takeoffs and landings, climbs, descents, and
cruise flight. The objective of this portion of the category IT XC-142A evaluation
was to obtain performance and problem area data for use in investigating the poten-
tial military application of the tilt-wing V/STOL transport aircraft.

Anon., ADVANCED V' 'OL NAVAL AIRCRAFT STUDY, Vol. I — DESIGN AND

ANALYSIS, Report LR-21049, Lockheed-California Company, Burbank, California,
June 1968, AD 843 665L.
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1.2 STUDIES OF SEVERAL TYPES OF V/STOL AJRCRAFT, UNUSUAL AND
MISCELLANEQUS CONFIGURATIONS.

Anon,, A PROGRAM FOR THE AERODYNAMIC DEVELOPMENT OF VTOL AND
STOL AIRCRAFT, REPORT ZA-~274, Convair Divigsion of General Dynamics Corpo-
ration, San Diego, California, May 1958.

Riebe, J.M., CONSIDERATION OF SOME AERODYNAMIC CHARACTERISTICS
DURING TAKE~OFT AND LANDING OF JET AIRPLANES, NASA TN D-19, National
Aeronautics and Space Administration, Washington, D.C., 1959,

In view of the transition from propeller-driven to jet transports, a study was made
to determine some of the important differences in the aerodynamic characteristics
during takeoff and landing. These differences were primarily associated with the
absence of propeller slipstream over the wing and the attendant effects on lift. The
considerations were limited only to lift—~drag relations and did not include such
possible related factors as noise, heating, foreign-matter ingestion, or ability to
obtain thrust reversal. Speed and attitude may require closer attention for jet trans-
ports than for propeller-driven transports. Jet transports, by application of a sys-
tem of lift augmentation, can have a lift-coefficient response with power on similar
to that which has provided an operational margin for propeller-driven transports.

Schuck, G.I., AN ANALYSIS OF RESULTS FROM ARMY-SPONSORED VTOL
RESEARCH AIRCRAFT, USATRECOM Technical Report 61-3, U.S. Army Trans-
portation Research Command, Fort Eustis, Virginia, January 1961, AD 250 924.

Results of flight tests of the Bell XV-3, the Vertol VZ-2PH, the DOAK VZ~4Da, and
the McDonnell XV-1 are summarized, with emphasis on the handling characteristics
and flying qualities. The advantages and disadvantages of cach type are discussed,
along with the deficiencies inherent in the concept or in the design of the particular
test bed. Possible ways of correcting deficiencies in future VTOL aircraft of these

types are advanced,

Kelly, M.W., and Holzhauser, C.A., AERODYNAMIC CHARACTERISTICS OF
SUBSONIC V/STOL TRANSPORT AIRPLANES, Paper 61-105-1799, Institute of the
Aerospace Sciences, New York, 1961.

Anon., THE MARVEIL PROQJECT, THE MARVELETTE AIRPLANE BACKGROUND
AND DESCRIPTION, Mississippi State University, State College, Mississippi,
November 1963, AD 426 130,

A research project at Mississippi State University is reported in which an acro-
dynamic research aircraft, the Marvel, was designed to explore the problem areas
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inherent in STOL fixed-wing aircraft. After several years of experimentation with
modified off-the-shelf aircraft, it became evident that full evaluation of new STOL
design teehniques was severely limited by basic configurations of available aircraft
and that an aircraft incorporating the latest techniques in its basic configuration
should be designed and tested. As an interim step toward refinement of the Marvel

design, a test bed aircraft, the Marvelette (XAZ-1), was designed, built, and flown.

This report presents the history of the Marvel and a description of the Marvelette.

Norford, R.F., A NEW LOOK AT OLD D TA FOR THE CUSTER CHANNEL WING
(A CURSORY INVESTIGATION OF STOL POTENTIAL), Naval Air Development
Center, Johnsville, Pennsylvania, 1964, AD 458 804.

The Custer channel wing was subjected to a cursory investigation to determine its
low-speed lift potential rather than its VTO capabilities. NACA tests made in 1953
were reviewed, and the results were compared to the calculated capabilities of a
conventional wing and propeller combination using double-slotted flaps to deflect
the slipstream for additional lift.

Stepniewski, W.Z., and Young, M.I., HELICOPTERS AND PROPELLER-TYPE
VTOL AIRCRAFT IN 13!V LIGHT OF TECHNOLOGIES, Paper 650193, Society of
Automotive Engineers, National Aeronautics Meeting and Production Forum,
Washington, D.C., April 1965.

The aerodynamics and structures of pure and compound helicopters (including those
with stoppable or stowable rotors) as well as propeller-type VTOL'S are examined.
Trends in effective L/D ratio and flying speed and agility are discussed, along with
other performance items. Aeroelastic, dynamic, and structural aspects of
rotary-wing aircraft are considered, and specific limitations due to those phenom-~
ena are indicated. An interplay between design concepts and gross and empty
weights is illustrated by the example of operations reflecting a combat mission.
The totality of these considerations indicaies that a 200-knot pure helicopter is
feasible with the possibility of not exceeding cyclic stress and vibration levels of
contemporary 150-knot helicopters. However, the effective L/D ratio at speeds of
about 200 knots would be quite low. Compounding improves lift-to-effective drag
ratio at such speeds, slightly, and moves the various aeroelastic barriers up to
speeds of 250 knots. However, this leads to higher gross and empty weignts.
Simple stopping of rotors brings little improvement in the speed and range capa-
bilities at the expense of still higher weights. Folding is more promising as far as
the performance is concerned, and gross and empty weight penalties are no higher
than in stopping. Retraction of the rotor improves aerodynamic cleamess to the
levels of propeller-type VITOL (tilt-wing) aircraft, but weight penalties are the
highest. Because of its superior performance, high level of agility, and absence of
fundamental aeroelastic limitations, the tilt-wing tvpe is considered to be outstand-
ing for certain combat missions.

93



Anon., THE AERODYNAMICS OF V/STOL AIRCRAFT, AGARDograph 126, North
Atlantic Treaty Organization, Advisory Group for Aeronatuical Research and
Development, Paris, France, May 1966, '

Salvetti, A., RESEARCHES ABOUT THE USE OF STOL AIRCRAFT IN CIVIL
TRANSPORT AVIATION, SOME EXPERIMENTAL RESULTS ON A STOL AIRCRAFT
MODEL, ICAS-Paper 68-07, Pisa University, Italy, Presented at the 6th Congress
of the International Council of the Aeronautics Sciences, Munich, 9-13 September,
1968.

The technical economic evaluation of air transport over short hav's has been de~-
veloped according to the following essential points: the provision of the request of
transport; the definition of the technical economic and operative characteristics of
the aircraft STOL and VTOL which are suitable to satisfy the request of transport;
the examination of the problem of inserting the airports for the aircraft STOL and
VTOL into the urban centers they must serve, and the economic evaluation of the
system of air transport over short distances. A flying model of an aeroplane STOL
with deflection of the slipstream and the boundary layer control has been realized
and will be used for trial flight.

Harrah, R., OV-10 ROTATING CYLINDER FLAP STOL RESEARCH AIRCRAFT,
North American Rockwell, Ames Research Center, National Aeronautics and
Space Administration, Moffett Field, California, Defense Documentation Center
Summary Acc. No. NR-012649, 1968,

Design studies were performed on the hardware, mechanisms, and modifications
to the OV-10A aircraft for incorporating rotating cylinder flaps, other high lift
devices, and propeller interconnect. Modification or replacement of the propulsion
and conirol syslems was considered. Application for small STOL propeller-driven
military or general aviation aircraft, with particular application to underdeveloped
regions of the world is discussed. The design studies shall provide information for
consideration in modifying the OV-10A aircraft with high lift systems and control
capability to allow flight research investigations of a STOL aircraft capable of
takeoff anc' landing in a distance of 500 feet.
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1.3 COMPARATIVE STUDIES OF V/STOL AIRCRAFT

Anon., NASA CONFERENCE ON V/STOL AIRCRAFT, Langley Research Center,
National Aeronautics and Space Administration, Langley Station, Virginia, 1960,

Johnston, G.W,, RECENT ADVANCES IN STOL AIRCRAFT DESIGN AND
OPERATION, Paper 64-183, General Aviation Aircraft Design and Operations
Meeting, Wichita, Kansas, American Institute of Aeronautics and Astronautics,
May 1964,

This paper briefly reviews the results of some of the developments carried out by
the de Havilland Aircraft Company of Canada in two broad areas: (1) basic STOL
performances and (2) low-speed control and handling. In connection with basic
STOL performance, the case for the classical STOL deflected-slipstream configu-
ration and some of its limitations are reviewed. Some evolutionary improvements
to this basic design approach are outlined. In addition, the possibility of replacing
the classical propeller installation with a true jet STOL aircraft is briefly discussed.
Improvements in low-speed control, both longitudinal and lateral, are discussed.
The criteria of Anderson and Lean are reviewed, and some inherent limitations are
noted. Finally, the flight-test results obtained with an experimental aircraft in-
corporating a modified longitudinal control system are discussed.

Brown, D.G., V/STOL TRANSPORTS AT HATFIELD, Flight International, Vol. 88,
November 1965, pp 820-824.

Various V/STOL transport aircraft projects intended to bridge the gap between a
C-130 (Hercules) airhead and a battle area are discussed. In general, it is con-
sidered that VTOL capability is necessary with STOL overtones. Because speed
must be high, turbofan propulsion is proposed, which is said to give all the advan~
tages of high productivity, flexibility, simplicity, economy of numbers, and low
fleet costs. For STOL applications, the best solution was determined to be a turbo-
fan aircraft with a high-aspect-ratio swept wing designed for high cruise efficiency.
To achieve the airfield performance, the propulsion engine thrust should be de-
flected in the optimum manner and augmented by a high wing lift contribution from
blown leading- and trailing-edge flaps. For VTOL's, it is considered that the jet
lift solution with turbofan propulsion provides the best answer for both immediate
and long-term requirements.

Phillips, F.C., V/STOL PITFALLS AND PAYOFFS, Canadian Aeronautics and
Space Journal, Vol. 11, September 1965, 11 207-216.
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Various types of VTOL aircraft are evaluated on the basis of stability and flight-
handling characteristics. Short or vertical landing and takeoff imposes penalties in
performance, first cost, and maintenance that tend to offset its desirability. The
compound helicopter, consisting of a small wing and propeller together with the -
rotor, has a vibration problem at higher speeds; the tilt-wing type has stability
problems when in the hover mode; and the tilt-propeller type suffers from lack of
hover stability and mechanical complexity. The shrouded tilting-fan configuration
ie compact but mechanically of extreme complexity; it has relatively low maximum
speeds. Tte fan~-in-wing aircraft suffers from structural problems due to ise iarge
cutouts for the fans. The jet-ejector VTCL, a jet-propelled vehicle, is promising
but relatively inefficient. It appears, however, that the tilt~wing VTOL can fill
more of the needs of the military than any other type, while offering at the same
time the greatest commer..al potential.

Lichten, R.L., Graham, L.M., Wernicke, K.G., and Brown, E. L., A SURVEY
OF LOW-LOADING VTOL AIRCRAFT DESIGNS, Paper 65-756, Aircraft Design and
Technology Meeting, Los Angeles, California, American Institute of Aeronautics
and Astronautics, Royal Aeronautical Society, and Japan Society for Aeronautical
and Space Sciences, November 1965.

A comparative design study was made of the most promising low~disk-loading VTOL
concepts which cnmbine the vertical takeoff and landing capability of the helicopter
with the high speed and efficient cruise of the aircraft. The VI'OL concepts examined
were: slowed-rotor compound, stopped-rotor, stowed-rotor, tilt-prop rotor, tilt-
wing, and trail-rotor. These aircraft were designed for high speed, low-altitude
trangport missions requiring a payload of at least 3,000 b, Each configuration has
the same installed power, has a lifting rotor disk loading of 10 1b/ft2, and hovers

out of ground effect at 6, 000 ft on a 95° F day at design gross weight. Transport
effectiveness comparisons of the six configurations show that the tilt-prop rotor,
tilt-wing, and trail-rotor have useful loads, productivities, and payload delivery
efficiencies considerably greater than those of the other types. The tilt-prop rotor
configuration has the highest transport effectiveness of the six configurations ex-
amined. In comparison to an equivalent transport helicopter, the better low-disk-
loading VTOL types cruise at about double the speed and provide more than double
the mission effectiveness; in comparison to an equivalent high-disk~loading tilt~wing
design, the better low~disk-loading types cruise at a slightly lower speed but provide
double the mission effectiveness. The low-disk-loading VIOL's can perform longer
range missions by cruising at 20, 000 ft, which increases the sea level payload de-
livery efficiency by 80% and the range by 60%.
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Howard, G.J., and Ulisnik, H.D,, A COMPARATIVE STUDY OF PROPELLER
DRIVEN VTOLS FOR THE TRI-SERVICE FOUR TON REQUIREMENTS, National
V/STOL Aircraft Symposium, 1st, Wright-Patterson AFB, Ohio, November 3—4,
1965, Proceedings, American Helicopter Society, New York, 1965, ppI 82-96.

A comparative design study is presented of four fundamentally different VTOL

types which use propellers as their primary cruise system. The Tri-Service four-
ton mission forms the basis against which a quad tilt propeller, tilt prop/rotor, and
two direct lift jets one with cruise thrust vectoring and the other without) are com-
pared. Rcsults of a parametric analysis, based on current state-of-the-art capa-
bilities, are discussed, with particular emphasis placed on mission perforn.ance;
evaluations are made on the basis of productivity and vehicle empty weights, a»
these parameters are considered to be good indices of system costs. In addition,
some design problems are discussed in the context of current technology. The
direct lift jet with cruise thrust vectoring is found to bethe design concept possess-
ing the highest mission effectiveness.

Anon., V/STOL AIRCRAFT, National Aeronautics and Space Administration,
Washington, D.C., NASA Facts, Vol. 2, No. 3, 1966.

A3 part of its educational service program, NASA has prepared a fact sheet on
V/STOL aircraft concepts and configurations. The five VTOL concepts — tilt rotor,
deflected slipstream, tilt duct, deflected jet, and tilt wing — are presented. The
VTOL propeller, ducted fan, and jet configurations as well as the flight research
programs being conducted on various V/STOL lift-propulsion concepts, are briefly
discussed.

Marsh, K.R., STUDY ON THE FEASIBILITY OF V/STOL CONCEPTS FOR SHORT-
HAUL TRANSPORT AIRCRAFT, LTV Corporation, NASA CR-670, National Aero-
nautics and Space Administration, Washington, D,C., 1967.

A feasibility study has been performed in which 18 airplanes have been de* eloped
around 3 V/STOL propulsion concepts, 4 V/STOL operational capabilities, and 3
passenger~-load capabilities. Each of the airplanes developed has been optimized

to give a near minimum direct operating cost on the design stage length of 500 miles
within the constraints of its seleeted V/STOL propulsion system, V/STOL opera-
tional capability, and passenger load\capability. This study has found the turboprop
V/STOL airplanes to have only modegt cruise speed capabilities, relatively low
direct operating costs, and co ively light weights; and there are considerable
data to guide the designer 6f turboprop V/STOL aircraft. The fan-in-wing V/STOL
airplanes have a relatively high cruise speed, high direct operating costs, and bigh
propulsion system plus fuel weights and hence gross weights. There are consider-
able data available yfe designer of fan-in-wing airplanes, though not as

(>

N

97



voluminous or complete as for the turboprop. 'The propulsive wing V/STOL air-
planes have high subsonic cruise speed capabilities, low direct operating costs, and
relatively light weights; but there are only limited data to guide the desiguer of such
aircraft,

Stickle, G.W,., and Copp, M.R., SOME CONSIDERATIONS ON THE MID-TERM
REPORTS OF THE VERTICAL LIGHT TRANSPORT STUDIES (U), TAC-OA-WP-135,
Tactical Air Command Langley AFB, Virginia, Office of Operations Analysis, May
1967. (Confidential)

Fry, B.L., and Zabinsky, J.M,, FEASIBILITY OF V/STOL CONCEPTS FOR
SHORT-HAUL TRANSPORT AIRCRAFT, NASA CR-743, National Aeronautics and
Space Administration, Washington, D.C., May 1967,

The results of a study of VTOL and STOL short-haul transports are presented.

Five VTOL and two STOL aircraft were analyzed to determine those most suitable
for commercial short-haul operation and the resezarch required to bring them to full
operational status. The VTOL concepts studied were the tilt wing, jet lift, stowed-
rotor helicopter, and tip-turbine lift fan aircraft. The STOL types were the fan-in-
wing and the high~lift turbofan. The study covered airplane design, operational
techniques, noise and public acceptance, acquisition cost, direct operating cost,
technical risk, and research requirements. The results of the study show that the
turbofan STOL, tilt-wing VTOL, lift-<€an VTOL, and jet-lift VTOL are the most
promising concepts. Furthermore, if solutions can be found to the noise-suppression
problem for the jet-propulsion types, thay can all be brought to operational status in
1970 to 1975 time period. The direct operating costs of V/STOL aircraft are poten-
tially no higher than those of conventional short-haul jet aircraft over 500-mile stage
lengths, and will be lower than the operating costs of present turbine helicopters for
very short trips down to 25 miles.

Schmidt, R.C., COMPOSITE V/STOL UTILITY/LOGISTICS AIRCRAFT, SPEED
VERSUS PAYLOAD AND PRODUCTIVITY, Report BRL~-MR-1850, Ballistic
Research Laboratories, Aberdeen Proving Ground, Maryland, 1967, AD 819 290.

An analysis of the performance of turbine~powered tilt-wing and tilt-propeller
V/STOL aircraft was undertaken by the U.S, Army Ballistic Research Laboratories
(BRL) to determine the effect of the designed maximum continuous cruise speed upon
payload and productivity. Propulsion system performance was calculated for 81
permutations of propeller parameters but with an arbitrarily selected modern devel-
opmental turboshaft engine. Gross weight ranged from 8,000 to 14, 000 pounds.
Operating boundaries of speed versus gross weight were established from which four
vehicles were selected f. r the payload and productivity analysis. Two utility and
logistics~-type missions producing definite speed and payload trends were used for
the evaluation,
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Anon., ASPECTS OF V/STOL AIRCRAFT DEVELOPMENT, AGARD Report 13,
Advisory Group for Aerospace Research and Development, Paris, France,
September 1967, AD 669 767.

The report consists of survey papers concerning aerodynamic problems, propvlsion
problems, and the problems of development of V/STOL aircraft from the flight

mechanics aspect.

Anon., STUDY OF THE FEASIBILITY OF V/STOL CONCEPTS FOR SHORT-HAUL
TRANSPORT AIRCRAFT, NASA CR-902, Lockheed-California Company, National
Aeronautics and Space Administration, Washington, D,C., October 1967.

The design, operational, and economic aspects of several different VTOL and STOL
aircraft configurations were evaluated to determine which of the aircraft are most
promising for development into successfiil commercial short-haul transports. Air-
craft were designed to carry 60 passengers for a distance of 500 statute miles, and
other guidelines were established to assure that the vehicles would be studied on a
common basis. The STOL aircraft included the deflected slipstream, jet flap, and
fan~-in-wing configurations. TLe VTOL aircraft included tilt-wing, tilt-rotor,
stopped-rotor and lift/cruise fan concepts. Parametric and detail design studies
were made to provide a basis for selecting the optimum design characteristics of
each concept. Computers were used to map vehicle weights, dimensions, per-
formance, and direct operating costs as functions of the design parameters. Several
designs were selected from the initia] data for further analysis, including develop~
ment of 120-passenger configurations and more detailed design studies. The sensi~
tivities of performance, weight, and cost to design changes and differences xl
mission rules were also examired. The basic characteristics of the final vehicles
are shown.

Marsh, K.R., ADDITIONAL STUDIES ON THE FEASIBILITY OF V/STOL
CONCEPTS FOR SHORT-HAUL TRANSPORT AIRCRAFT, NASA CR-670(01),
Ling-Temco-Vought Corporation, National Aeronautics and Space Administration,
Washington, D, C., December 1967.

Stickle, G.W., CRITICAL FACTORS AFFECTING AIRCRAFT DESIGNED FOR
INTRATHEATER AIRLIFT MISSIONS (U), TAC~-OA-WP-68-6, Tactical Air
Command, Langley AFB, Virginia, Office of Operations Analysis, August 1968,
AD 3935611. (Confidential)

Brewer, J.D., NASA RESEARCH ON PROMISING V/STOL AIRCRAFT CONCEPTS,
National Aeronautics and Space Administration, Washington, D,C., 1968,
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Design concepts, coptractor studies, and operational requirements are reveiwed in
relation to the NASA research program on V/STOL aircraft. The different aircraft
concepts that were investigated are noted, and the relative merits as well as costs
of some are discussed. Studies indicate the need for advanced systems at the
terminal area for aircraft guidance to improve control and safety and to reduce
time of instrument-flight conditions. The NASA program includes the short takeoff
and landing short-haul transport, the vertical takeoff and landing transport, the ad-
vanced helicopter, and the VTOL tactical fighter, Wind-tunnel tests that have used
a rotating cylinder flap and an augmentor wing to achieve greater lift and zero
visibility landing operational capahility as well as noise are discussed.

A3
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1.4 FLIGHT STUDIES OF V/STOL ATIRCRAFT AND CONVENTIONAL AIRCRAFT

Zalovcik, J.A,, Wetmore, J.W,, and von Doenboff, A, E,, FLIGHT
INVESTIGATION OF BOUNDARY~-LAYER CONTROL BY SUCTION SLOTS ON AN
NACA 35-215 LOW-DRAG AIRFOIL AT HIGH REYNOLDS NUMBERS, NACA
Advance Report 4B29, National Advisory Committee for Aeronautics, Washington,
D,C,, February 1944,

The effectiveness of suction slots as a means of extending the laminar boundary
layer has been investigated in flight at high Reynolds numbers on an NACA 35-215
airfoil. The test panel, having a chord of 204 inches and an average span of 90
inches, was mounted on the left wing of a Douglas B~18 airplane. The upper surface
of the test panel was provided at first with nine spanwise slots and later with eight
additional slots, all located between 20 and 60 percent of the chord. Tests were
made with normal operation of the airplane engines over a range of service indi-
cated airspeed from 147 to 216 miles per hour, which gave a range of airplane lift
coefficient from 0. 41 to 0.19 and a corresponding range of Reynolds number from
21.7 %106 to 30,8 x 106,

Tosti, L. P., and Davenport, E. E., HOVERING FLIGHT TESTS OF A FOUR-
ENGINE TRANSPORT VERTICAL TAKE-OFF AIRPLANE MODEL UTILIZING A
LARGE FLAP AND EXTENSIBLE VANES FOR REDIRECTING THE PROPELILER
SLIPSTREAM, NACA TN 3440, National Advisory Committee for Aeronautics,
Washington, D,.C., 1955,

Rolls, L.S., and Imnis, R. C., A FLIGHT EVALUATION OF A WING-SHROUD-
BLOWING BOUNDARY-LAYER CONTROL SYSTEM APPLIED TO THE FLAPS OF
AN F9F-4 AIRPLANE, NACA RM A55K01, National Advisory Committee for Aero-
nautics, Washington, D.C., 1955.

As a portion of the general research program on the use of boundary-layer control
to improve the maximum lift characteristics of airplane wings, the Bureau of
Aeronautics loaned the Ames Aeronautical Laboratory of the NACA an F9F-4 air-
plane to evaluate a high-energy-blowing boundary-layer-control system in flight.
The high-energy-blowing boundary-layer-control system was installed in the F9F-4
airplane by the Grumman Aircraft Engineering Corporation on contract with the
Bureau of Aeronautics. A series of test flights was made to measure the lift and
drag variations with changes in angle of attack for the flap and gear both up and
down and for blowing both on and off. The test data indicated that the boundary-
layer-control system increased the maximum lift coefficient in the approach con-
figurations from 1.98 to 2.32. An evaluation of the airplane by four research
pilots at the Ames laboratory indicated an average reduction of 10 knots in the
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approach speed by the use of the boundary-layer-control system. Calculations
were made to evaluate the performance capabilities of the airplane with boundary-
layer control in the takeoff, catapult, approach, and landing configurations.

Cooper, G.E,, and Innis, R,C., EFFECT OF AREA-SUCTION TYPE BOUNDARY-
LAYER CONTROL ON THE LANDING-APPROACH CHARACTERISTICS OF A 35
DEGREE SWEPT-WING FIGHTER, NACA RM A55K14, National Advisory Committee
for Aeronautics, Washington, D.C., February 1956.

This report presents results »f evaluation flights of F-86 series aircraft equipped
with two types of boundary-layer control differing significantly with regard to the
type of lift increment produced. In one case, application of boundary~-layer control
to the wing leading edge increased maximum lift coefficient, Cy,, ., significantly
by delaying stall to higher angles, but it provided no change in lift at a given attitude,.
In contrast, application of boundary-layer control to the trailing-edge flaps in-
creased the flap lift increment at attitudes below CLm ax’ but resulted in only a
small facrease in CLmax' The report presents the comments of 16 Air Force,
Navy, coatractor, and NACA pilots as to the reasons for their choice of minimum,

comfortable approach speed on the several configurations tested. These pilots'
opinions are analyzed in relation to the characteristics of the airplanes in an attempt
to isolate the aerodynamic factors cf primary importance in establishing landing-
approach speeds.

Anderson, S.B., Quigley, H.C., and Imis, R,C,, FLIGHT MEASUREMENTS OF
THE LOW-SPEED CHARACTERISTICS OF A 35 DEGREE SWEPT-WING AIRPLANE
WITH BLOWING-TYPE BOUNDARY-LAYER CONTROL ON THE TRAILING EDGE
FLAPS, NACA RM A56G30, National Advisory Committee for Aeronautics,
Washington, D,C,, October 1956.

Tests have been conducted to determine the flight characteristics of an F-86 airplane
equipped with a blowing~type boundary-layer-control installation on the trailing-edge
flaps. Included in this study are the pilots' evaluation of the operational use of the
boundary-layer-control system. The effectiveness of the flap was determined in
conjunction with slatted leading edges and an inflatable rubber boot on the leading
edge. Measurements were made of the lift, drag, and flow requirements. Per-
formance computations were made for takeoff, climb, and landing. The results of
the flight tests are compared with those of full~scale wind-tunnel tests of a similar
type installation, and with those of flight tests of a wing-shroud blowing system of

an F9F+4 airplane.

102



Anderson, S.B., Faye, A E., and Imis, R.C., FLIGHT INVESTIGATION OF THE
LOW-SPEED CHARACTERISTICS OF A 35 DEGREE SWEPT-WING AIRPLANE
EQUIPPED WITH AN AREA-SUCTION EJECTOR FLAP AND VARIOUS WING
LEADING-EDGE DEVICES, NACA RM A57G10, National Advisory Committee for
Aeronautics, Washington, D.C., September 1957,

Tests have been conducted to determine the flight characteristics of an F-86F air-
plane equipped with an area-suction-type boundary-layer control installation on the
trailing-edge flaps. Ejector pumps enclosed within the flaps were used for suction.
Flap lift increments were determined in conjunction either with a slatted leading
edge or with an iiflatable rubber boot on the wing leading edge. Measurements
were made of the lift, drag, and engine bleed-air requirements. The results of the
flight tests are compared with those of flight tests of a blowing-flap-type boundary-
layer control sysiem on the same airplane.

Tosti, L. P., FLIGHT INVESTIGATION OF THE STABILITY AND CONTROL
CHARACTERISTICS OF A 1/4-SCALE MODEL OF A TILT-WING VERTICAL-
TAKE-OFF-AND-LANDING-AIRCRAFT, NASA Memo 11-4-58L, National
Aeronautics and Space Administration, Washington, D.C., 1958,

Thomas, L. P., III, A FLIGHT STUDY OF THE CONVERSION MANEUVER OF A
TILT-WING VTOL AIRCRAFT, NASA TN D-153, National Aeronautics and Space
Administration, Washington, D.C., 1959,

Stepniewski, W. Z., and Dancik, I’. J., FLIGHT EXPERIMENTS WITH THE TILT-
WING AIRCRAFT, Paper 59 -8, Institute of Aerospace Sciences, February 1959,

Gustafson, F.B., Pegg, R.J., and Kelley, H,L., AERODYNAMIC OBSERVATIONS
FROM FLIGHT TESTS OF TWO VTOL AIRCRAFT, NASA Conference on V/STOL
Aircraft, Langley Research Center, National Aeronautics and Space Administration,
Langley Station, Virginia, Nover-ber 1960.

Gyorgyfalvy, D., FLIGHT INVESTIGATION OF LEADING-EDGE SUCTION
BOUNDARY-LAYER CONTROL OF A LIAISON TYPE STOL AIRCRAFT, Research
Report 31, Mississippi State University, State College, Mississippi, 1961.

Quigley, H., Koenig, C., and David G., A FLIGHT STUDY OF THE DYNAMIC
STABILITY OF A TILTING-ROTOR CONVERTIPLANE, NASA TN D-778, National
Aeronautics and Space Administration, Washington, D.C,, 1961,
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A flight investigation was conducted to determine the effect of blade flapping on the
stability and control of the XV-3 Convertiplane in cruise and high speed flight.

The results of the study indicated that the inplane forces on the prop-rotors due to
the blade flapping associated with airplane angular rates were in a direction to pro-
duce negative damping moments on the airplane. As a result of these inplane
forces, the damping ratio of the longitudinal short period and lateral-directional
oscillations approached zero at the maximum airspeed of the test airplane.

Imis, R.C., and Quigley, H.C., A FLIGHT EXAMINATION OF OPERATING
PROBLEMS OF V/STOL AIRCRAFT IN STOL-TYPE LANDING AND APPROACH,
NASA TN D-862, National Aeronautics and Space Administration, Washington,
D.C., 1961.

Tostl, L. P., RAPID TRANSITION TESTS OF A 1/4-SCALE MODEL OF THE
VZ-2 TILT-WING AIRCRAFT, NASA TN D-946, National Aevonautics and Space
Administration, Washington, D,C., 1961.

Pegg, R. J., SUMMARY OF FLIGHT TEST RESULTS OF THE VZ-2 TILT-WING
ATRCRAFT, NASA TN D-989, National Aeronautics and Space Administration,
Washington, D.C., 1962,

Pegg, R. J., FLIGHT-TEST INVESTIGATION OF AILERONS AS A SOURCE OF
YAW CONTROL ON THE VZ-2 TILT-WING AIRCRAFT, NASA TN D-1375, National
Aeronautics and Space Administration, Washington, D.C., 1962,

Kelley, H. L., TRANSITION AND HOVERING FLIGHT CHARACTERISTICS OF A
TILT-DUCT VTOL RESEARCH AIRCRAFT, NASA TN D-1491, National Aeronautics
and Space Administration, Washington, D.C,, November 1962,

Drinkwater, F.J., III, and Turner, H. L., SOME FLIGHT CHARACTERISTICS
OF A DEFLECTED SLIPSTREAM V/STOL AIRCRAFT, Ames Research Center,
NASA TN D-1891, National Aeronautics and Space Administration, Moffett
Field, California, July 1963,

Kidwell, J.C., TAKEOFF AND LANDING CAPABILITIES OF THE CARIBOU
CV-23 AIRCRAFT ON UNPREPARED SURFACES, USAATA Technical Report 634,
U.S. Army Aviation Test Activity, Edwards AFB, California, September 1963,

AD 440 406L.

Tests were conducted to determine the performance of CV-2B airplanes when
using surfaces and environments similar to those encountered during the Air Force
Project Rough Road Alpha, The tests indicate that the takeoff and landing
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performance of the CV-2B airplane, when operating at its maximum gross weight of
28,500 lbs, was better than that of the C~-130B and the C-123B, even when these air-
planes were operating near minimum practical gross weights. The takeoff and land-
ing performance of the CV-2B operating at maximum gross weight was either equal
to or better than that of the JC~-130B, the NC-130B, and the YC~123H. The CV-2B
equipped with reversing propellers demonstrated landing performance that was con-
siderably better than that of any of the airplanes tested during the Air Force Project
Rough Road Alpha.

Neal, B., THE EFFECT OF THRUST VARIATION WITH FORWARD SPEED ON THE
STOL PERFORMANCE OF AN OVERLOADED TILT-WING VTOL AIRCRAFT, NAE
LR-373A, National Aeronautical Establishment, National Research Council,

Ottawa, Canada, 1963.

Henshaw, C.J., and Schiele, J.S., BREGUET 941.01 (BR 941) LIMITED FLIGHT
EVALUATION, AFFTC TDR 64-7, Air Force Flight Test Center, Edwards AFB,
California, 1964, AD 440 176.

This report presents the results of a limited flight-test evaluation of the Breguet 941
prototype aircraft. The objectives of the evaluation were to collect limited per-
formance data and qualitative stability and control data, and to evaluate the BR 941
during STOL operation both on and off the runway. The cross-shaft-driven propel-
lers used on the BR 941 airplane provided safe operation and created pilot confidence
at the low flight speeds required for STOL operation. The control power available,
even at minimum flying speed, was more than adequate about all three axes. The
propeller cross-shaft design concept of the BR 941 should be a primary consideration
for all future similar V/STOL vehicles. Aircraft longitudinal static stability was
essentially neutral in all configurations tested. Center-of-gravity location had very
little effect on longitudinal static stability. The maximum speed of the test aircraft,
using normal rated power, was only 215 KTAS at 10,000 feet. The lack of cabin
pressurization could restrict the use of the aircraft. The aircraft appeared to be
easily maintained.

Quigley, H.C., Innis, R.C., and Holzhauser, C.A., A FLIGHT INVESTIGATION
OF THE PERFORMANCE, HANDLING QUALITIES, AND OPERATIONAL
CHARACTERISTICS OF A DEFLECTED SLIPSTREAM STOL TRANSPORT
AIRPLANE HAVING FOUR INTERCONNECTED PROPELLERS, NASA TN D-2231,
Ames Research Center, National Aeronautics and Space Administration, Moffett
Field, California, 1961%.

The Breguet 941, a large four-engine aircraft having full-span triple-slotted,
trailing-edge flaps and interconnected propellers, was studied to gain further
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information on the flight and operational characteristics of typical STOL aircraft.
The Breguet 941 had good STOL performance, with the capability of making a land
ing approach with a glide slope of about 5 degrees at an airspeed of less than 60
knots. The takeoff and landing distances over 35- and 50-ft obstacles, respectively,
were less than 1,000 feet. The STOL handling qualities of the airplane were rated
satisfactory except for longitudinal static stabiiity and the lateral-~directional static
and dynamic stability, which were rated acceptable. Because of a propeller inter-
connect feature, the airplane was considered to be safe to fly at the low airspeeds
required for STOL performance.

Schwarz, F., and Wuest, W,, FLIGHT TESTS OF A PROTOTYPE DO 27 WITH
BOUNDARY-LAYER SUCTION T.) INCREASE MAXIMUM LIFT, Zeitschrift fuer
Flugwissenschften, Vol. 12, March 1964, pp 108~120. In German,

\,
Cornish, J.J., SOME AERODYNAMIC AND OPERATIONAL PROBLEMS OF STOL
AIRCRAFT WITH BLC, Paper 64-193, American Institute of Aeronautics and Astro-
nautics, General Aviation Aircraft Design and Uperations Meeting, Wichita, Kansas,
May 1964.

This paper summarizes some of the findings of tests made on conventional aircraft
modified to use the technique of boundary-iayer control by suction to attain STOL
flight. From the flight tests conducted on these vehicles, several characteristic
problems typical of this method of increasing lift have became apparent. The
methods used to alleviate or avoid the particular problem are described. Flight
test results from a number of aircraft using suction boundary-layer control for lift
augmentation are examined and compared. It is concluded that the attainment and
use of high lift coefficients have emphasized several shortcomings of currently used
aerodynamic theories and have brought into prominence the interference effects of

some aircraft components not ordinarily considered at relatively low lift coefficients.

Johnston, G,W., MODULATED THRUST TO IMPROVE STOL AIRCRAFT
PERFORMANCE (A FLIGHT TEST EVALUATION), AGARD, in AGARDograph 89
V/STOL Aircraft, Part I, September 1964.

Czinczenheim, J., and Joyeuse, G., TEST FLIGHTS OF 940 AND 941 BREGUET
AIRCRAFT (ESSAIS EN VOL DES AVION BREGUET, 940 ET 941) IN AGARD
V/STOL Aircraft, Part I, Advisory Group for Aeronautical Research and Develop-
ment, Paris, France, September 1964, pp 339-368.

A brief description is given of the main characteristics of the two airplanes:
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